Abstract. The aim of the present study was to investigate the correlation between the degree of coronary artery stenosis determined by digital subtraction angiography (DSA) and infarcted segments detected by delayed enhancement magnetic resonance imaging (DE-MRI). DE-MRI and DSA were performed in 40 patients with coronary artery disease. The number of myocardial segments with infarction, the transmural extent of myocardial infarction, score of myocardial infarction by MRI, degree of coronary artery stenosis and Gensini score of the coronary artery were assessed. The correlation was analyzed using Spearman's rank correlation test. Among the 40 patients, 126 infarcted myocardial segments with a total score of 307 were found by DE-MRI; the total Gensini score for coronary artery stenosis was 587. It was observed that 81.74% of the infarcted segments were at sites with >50% coronary artery stenosis. The correlation coefficient between the Gensini score and myocardial infarction score was 0.786 (P<0.001), indicating a good correlation. However, 18.26% of myocardial infarction segments were found in patients with slight coronary artery stenosis (≤25%). A correlation was identified between DSA detected coronary artery stenosis and infarcted segments detected by DE-MRI; a higher transmural extent of myocardial infarction correlated with more severe stenosis of the coronary artery. The combined use of the two tools may facilitate accurate diagnosis.
Introduction
Digital subtraction angiography (DSA) allows the degree of patency or stenosis of blood vessels to be rapidly quantified and is now a routine clinical imaging modality; DSA of the coronary artery is one of its main applications (1) . Delayed enhancement magnetic resonance imaging (DE-MRI) enables the accurate detection and visualization of myocardial scar tissue. When compared with single-photon emission computed tomography (SPECT), DE-MRI has been found to be more likely to detect small myocardial scars as it has higher sensitivity (2) . DE-MRI has been reported to be capable of detecting lesions with a mass of ~2 g while SPECT could only detect those with a mass of ≥10 g (3) . These missed small infarcts could potentially be more dangerous than larger infarcts (4, 5) .
Although DE-MRI has certain advantages in the detection of myocardial infarction, particularly for small infarcts and subendocardial infarcts, its clinical application remains rare. Therefore, the present study aimed to investigate the correlation between the transmural extent of infarction in myocardial segments detected by DE-MRI and the degree of coronary artery stenosis detected by DSA.
Materials and methods
Patients. This prospective study involved 40 patients with a history of coronary artery disease (CAD) and with myocardial infarction segments determined by DE-MRI. The study group included 32 men and 8 women, whose ages ranged from 26 to 72 years (mean, 53.3±11.6 years). Image analysis. On the images obtained by DE-MRI, the left ventricle was divided into 17 segments according to the American Heart Association standards (6) . The transmural extent of myocardial infarction in each segment was graded from 0 to IV: 0, normal; I, <25% transmural extent, scored 1; II, 26-50%, scored 2; III, 51-75%, scored 3; IV, 76-100%, scored 4. These tests were carried out by two radiologists using a blinding method.
DSA coronary artery analysis. The Gensini scoring system that was used has been described and validated previously (7) . The severity of coronary artery stenosis was given a total score of between 1 and 32, as follows: <25%, scored 1; 26-50%, scored 2; 51-75%, scored 4; 76-90%, scored 8; 91-99%, scored 16; 100%, scored 32. All scores were confirmed together by one senior interventional cardiologist and one interventional radiologist.
Statistical analysis. Statistical analysis was performed using SPSS software, version 13.0 (SPSS, Inc., Chicago, IL, USA). Correlation between coronary artery Gensini scores and myocardial infarction segmental scores was analyzed by Spearman's rank correlation analysis. The Kendall rank correlation method was used to analyze the correlation between the extent of coronary artery stenosis as determined by DSA and the transmural extent of myocardial infarction.
Results

DSA coronary angiography.
Analysis of the DSA coronary angiography images indicated that there were 37 cases of coronary artery stenosis among the 40 patients: There was single-vessel disease in 12 cases, double-vessel disease in 10 cases, and triple or more-vessel disease in 15 cases. In total, 87 vessels containing angiostenosis were identified and 3 cases showed no signs of abnormality. DSA images from a patient with coronary artery stenosis are shown in Fig. 1A and B, and from a patient with no signs of stenosis are shown in Fig. 2A Table I shows the extent of coronary artery stenosis as determined by DSA and the transmural extent of myocardial infarction in each segment as detected by DE-MRI.
Discussion
DSA is the gold standard for the imaging of coronary arteries. However, in the clinic, knowing only the extent of coronary stenosis is insufficient to assess the coronary arteries. Patients with coronary artery disease and myocardial infarction can exhibit myocardium with a variety of functional states including stunned, hibernating and nonviable (8) . The first two states are reversible damage, and the myocardium is viable, while the last state is irreversible. The identification of viable myocardium is important for the guidance of treatment and the judgment of prognosis. Clinical studies have shown an excellent correspondence between infarction as revealed by DE-MRI and histopathology (9) (10) (11) (12) . Therefore, the ability of DE-MRI to accurate identify the viable myocardium suggests its potential as a diagnostic procedure to be combined with DSA.
In the 40 patients involved in the present study, the Spearman's rank correlation coefficient between DSA coronary artery Gensini score and DE-MRI myocardial infarction score was 0.786 (P<0.001), indicating a positive correlation between coronary stenosis and myocardial infarction. A higher transmural extent of myocardial infarction was found to correlate with more severe stenosis of the coronary artery (Table I) . Furthermore, 81.74% of the segments with myocardial infarction were located in areas of vascular blood flow with a degree of coronary artery stenosis of ≥50%. Among the segments in which the transmural extent of myocardial infarction was >75%, and 64.71% of the segments were present in areas of blood supply that had >90% coronary stenosis.
The identification of segments and sites affected by myocardial infarction, and the transmural extent of myocardial infarction by DE-MRI can be used to supplement examination of coronary arteries by DSA, and may guide the treatment and prognosis of patients. A study of chronic myocardial recovery capability found that blood supply reconstruction is inversely proportional to the transmural extent of myocardial infarction; in segments with >50% transmural extent of infarction, the cardiac function was unlikely to be completely recovered (13) . Therefore, the assessment of the transmural extent of myocardial infarction in myocardial segments by DE-MRI is a potential option in clinical diagnosis.
Echocardiography and SPECT are two of the commonly used tools to clinically evaluate myocardial activity. However, due to their limited spatial resolution, these tools only provide an 'all' or 'nothing' result for myocardial activity (14) . Notably, even in a single myocardial segment, there may be both viable and unviable parts, for example, the outer membrane of an endocardium with myocardial infarction may be viable. Therefore, the transmural extent of myocardial infarction should be considered segmentally, rather than the activity of a myocardial segment being judged by the concept of 'all' or 'nothing' (15, 16) . Therefore, analysis of the extent of coronary artery stenosis together with analysis of the transmural extent of myocardial infarction by DE-MRI should benefit both the clinical treatment and prognosis of patients.
The present study showed only a subtle correlation (τ= 0.405, P<0.001) between the extent of coronary artery stenosis and Kendall rank of the transmural extent of myocardial infarction. It was found that 46 of the segments with myocardial infarction occurred in areas of vascular distribution that exhibited <50% coronary artery stenosis. Stenosis <50% is unlikely to result in myocardial ischemia due to a compensatory effect in which the resistance of the coronary Table I . Extent of coronary artery stenosis and segments with myocardial infarction of different transmural extents detected by DE-MRI. (%)  I  II  III  IV  Overall   ≤25  9  4  6  4  23  ≤50  19  2  0  2  23  ≤75  4  2  2  2  10  ≤90  6  12  10  4  32  ≤99  2  0  6  10  18  ≤100  0  4  4  12 small vasculature is reduced (17) . Therefore, >50% coronary artery stenosis can be considered as clinically significant for lesions. However, acute coronary syndrome may potentially occur due to plaque rapture in stenosis sites showing <50% coronary artery stenosis. In the present study, 18.25% (23/126) of segments with myocardial infarction were observed in patients without significant coronary artery stenosis (<25% stenosis). In addition to plaque rupture and fall off, severe stenosis in coronary spasm may also result in irreversible myocardial damage (18) . Myocardial scarring was found in patients whose coronary artery showed no significant stenosis in a previous study that analyzed the correlation between the severity of coronary artery lesions and DE-MRI results by Bexell et al (19) . In addition, the majority of the infarcts were generally subendocardial (with <25% transmural extent). The results of the present study were consistent with these data. It was found that 60.87% of the segments with myocardial infarction showed a transmural extent <25% in a coronary artery blood-supplying area in which the extent of coronary stenosis was <50%. Misdiagnosis may potentially occur if SPECT or positron emission tomography (PET) is used as a diagnosis tool. In a previous study, only 28% of the segments affected by myocardial infarction were detected by PET compared with 92% by DE-MRI; this may have been because small areas of scarring could only be detected by DE-MRI (2). Another study with 31 cases of severe heart failure found that 55% of subendocardial infarction was missed by PET (20) . The mortality rate for individuals with undiagnosed myocardial infarction is significantly higher than that for diagnosed myocardial infarction (4). DE-MRI exhibits clear advantages in subendocardial myocardial infarction and small infarcts (21, 22) .
Transmural extent of myocardial infarction Extent of coronary -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------artery stenosis
No evident stenosis was observed by coronary artery DSA in 3 patients. Two of these cases were inferior infarction, mainly subendocardial, with 25-50% transmural extent (as shown for one patient in Fig. 2 ). At present, the incidence of coronary artery disease is exhibiting a trend towards younger patients. The patients with no evident stenosis included 2 patients younger than 30 years old, and one was a 26-year-old female patient. This patient was first diagnosed with inferior wall infarct by DE-MRI, and then right coronary artery stenosis was identified with an extent of 90% by DSA. Therefore, DE-MRI is helpful in determining the causes of myocardial damage, which are of great significance to prognosis and intervention. A previous study showed a correlation between DE-MRI-detected myocardial infarction and short-or long-term adverse cardiac events, which is also helpful for the evaluation of prognosis (23) .
In conclusion, DSA evaluation and DE-MRI may complement each other advantageously, and should not only be helpful for the identification of transmural extent in the viable or irreversible myocardium, but also for the elimination of misdiagnosis.
